Abstract
139
Temperature, salinity, and fluorescence profiles were performed using Seabird SBE19+ probe
140
with in situ Fluorimeter Chelsea AQUAtracka III.
141
Seawater was collected in the water column in ultra-clean conditions (Giraud et al., 2016) to 142 measure in situ parameters and to prepare the microcosms. Seawater and microcosms were sampled 143 similarly in a land laboratory a few hours after collection. phytoplankton (2-20 µm) (Dussart, 1966) were carried out using an inverted microscope (Wild M40)
173
in samples preserved with neutral lugol solution. Utermöhl settling chambers (Hasle, 1988) were used
174
for micro-phytoplankton analyses, and a smaller sedimentation chamber (2.97 mL) for the analyses of 
In situ microcosm experiments

179
The potential impact of deep seawater discharge on the phytoplankton community was simulated
180
by in situ microcosm incubations of various deep and surface seawater mixing (Giraud et al., 2016) .
181
The experiments were conducted from 12 th (D0) 
187
Seawater was collected at D0 at the depths of DCM (45 m depth) and BEL (80 m depth)
188
identified on the future OTEC site from the fluorescence profile, and close to the bottom (1100 m 189 depth corresponding to the pumping depth of the future OTEC plant) in ultra-clean conditions.
190
Deep seawater was mixed in three proportions (0 % as a control hereafter referred to as "Control", 2
191
% as a low input called "2 % of deep seawater", and 10 % as a large input called " and, in turn, an overestimation of uptake rates (Dugdale and Wilkerson, 1986; Harrison et al., 1996) .
227
The NO3 -uptake rates were corrected for this perturbation (Dugdale and Wilkerson, 1986 ) using a (Fig. 2 a-b) .
242
In June, the modeled and observed vertical profiles of temperature were quite in agreement with 
255
ADCP measurements (horizontal velocity and direction of currents) were made by our DCNS 256 partner at the study site for a feasibility study, but in June 2011 (between 40 m and 800 m depths).
257
ADCP data were compared to model outputs for June 2000 (Fig. 3) . Current directions were quite 258 similar between model outputs and ADCP data with a mean direction toward the South/South-East.
259
The horizontal velocity norm was also quite close between both data sets with larger velocity close 
272
were defined, both centered on the OTEC site and parallel to the coast (Fig. 1) . Presently, there are 273 no environmental standards defining threshold levels for temperature difference that will be induced
274
by an OTEC deep seawater discharge. So, the study relied on the World Bank Group prescriptions 275 for liquefied natural gas facilities which set at 3 °C the temperature difference limit at the edges of 276 the zone where initial mixing and dilution take place (IFC, 2007).
277
We thus considered for each discharge depth the cooling and warming outputs from the model, (Table 2) were extremely small (< 1 km 2 ) and were not significantly different in both sections and at 287 the different discharge depths, on an annual average and in June (our experimental period). The pH was very similar at the DCM and BEL at the OTEC site on D6 (8.24 and 8.25, 291 respectively), whereas deep seawater-pH showed lower value (7.81). The addition of 2 % and 10 % 292 deep seawater to surface waters could thus induce a pH-decrease of respectively, 0.01 and 0.07 unit. 
NO3
-and PO4 3-concentrations (Table 3) (Table 3) . Finally, because deep and DCM waters were NO2 -depleted, the deep 306 seawater input did not modify the NO2 -concentration at the DCM. At the BEL, NO2 -concentration 307 was higher and the 10 % addition slightly diluted NO2 -at this depth.
308
Mn showed maximum concentrations in the surface layer on D4 at the OTEC site (Table 4) 309 decreasing with depth as observed close to the Lesser Antilles in the Atlantic Ocean (Mawji et al., (Table 4) . Cd, Zn, Co, Ni, and Cu dispatched nutrient-type profiles, whereas
314
Pb exhibited scavenged-type profile (Nozaki, 1997; Gruber, 2008) , but like for dissolved Fe and Mn, 315 their concentrations in the upper waters were particularly high (Table 4) . For all trace metals at both 316 depths, the 2 % deep seawater addition will not induce significant changes in their surface 317 concentrations (Table 4 ). The 10 % deep seawater addition could increase Cd, Ni and Zn 318 concentrations in surface waters (Table 4) , whereas it would not constitute an input of Pb, Cu, Co,
319
and Fe, and it can even dilute Mn (Table 4) .
320
The surface waters can thus be enriched in macronutrients (NO3
) when submitted to a 321 deep seawater discharge (particularly with 10 % deep seawater addition) in proportion depending 322 on the depth. The same scheme can be applied in some of the dissolved trace metals (Cd, Ni, Zn)
323
when a large ratio of deep seawater (10 %) is discharged. Table 5 ) were analyzed at OTEC station at D0, D4 and D6 in surrounding surface waters (Fig. 4) , as 327 well as population abundance and their biovolume using light microscopy ( Fig. 5) . The total chlorophyll a (TChl a defined as the sum of chlorophyll a and divinyl chlorophyll a), a 329 proxy of the phytoplankton biomass, was higher at DCM than at BEL, as usually observed, by about 330 two-folds. The fucoxanthin (biomarker of diatoms) concentrations were similar at the DCM and BEL 331 on D0 (Fig. 4) , like the total abundance of diatoms ( 
338
At the DCM, dinoflagellates largely dominated the nano-and micro-phytoplankton assemblage 339 with the largest abundance and biovolume. Whereas prymnesiophytes showed the second highest 340 abundance, its biovolume was very low, on the contrary to diatoms that dispatched lower abundance 341 but higher biovolume (Fig. 5) . At the BEL, dinoflagellates, prymnesiophytes and diatoms showed 342 similar abundance, dinoflagellates and the diatoms occupied the major part of the total biovolume.
343
Three groups of dinoflagellates were observed by light microscopy but they could not be identified 344 at species level. However, their small size and the lack of colored starch (using lugol) in the 345 cytoplasm suggested they were mixotrophic or heterotrophic population. Furthermore, the low 346 concentrations of peridinin in samples supported this assumption.
347
At both depths, light microscopy analyses suggested that the large cyanobacteria, mainly
348
Trichodesmium sp., were low in abundance and biovolume. Flow cytometry identification and 349 count indicated that the small cyanobacteria Prochlorococcus dominated the pico-
350
phytoplankton assemblage, but they showed a significant decrease from D0 to D6 ( The phytoplankton distribution and assemblage can partly drive the intensity of primary 358 production, so the specific uptake rate of carbon (VC; Fig. 7 ) and NO3 -(VNO3-) were estimated at D0 VC in surrounding surface waters was relatively low at D0 (Fig. 7) indicating low primary 361 production in these poor-nutrients waters. Yet, VC was approximately four-times higher at the DCM
362
(2.10 -3 h -1 ) than at the BEL (5.10 -4 h -1 ) at D0, but drastically decreasing on D6 at the DCM (to ~6.10 h -1 ). VNO3-were also very low at D0 (1.10 -3 h -1 at DCM, 4.10 -3 h -1 at BEL) and drastically decreased at 364 D6, below the detection limit (data not shown). 
372
Synechococcus abundances did not show significant variations between the treatments (Fig. 9a) .
373
Reversely, Prochlorococcus population showed higher (p < 0.05) abundance both in 2 % and 10 % 374 enriched microcosms as compared to controls (Fig. 9a) .
375
At the BEL, after the 6 days incubation period, pigments concentrations were below the 376 detection limit indicating very low abundance of phytoplankton. Pico-phytoplankton did not show 377 significant variations between the treatments and the controls (Fig. 9b) . Pico-phytoplankton were 378 clearly much less abundant at the BEL (< 1000 cells mL -1 ) than at DCM (Fig. 9b) , 20-times even lower 379 than that observed in surrounding waters at this depth on D6. For comparison, total abundance at 380 the DCM was ~5-times lower in incubated microcosms on D6 compared to surrounding surface 381 waters. they had no effect on D6 despite very low value in natural waters at this depth (6.10 -4 h -1 ). The 6 days 386 incubated microcosms showed very low VC in all treatments (Fig.7) . At the BEL, VC were quite similar 387 on D0 and D6 and after 6 days of incubation, without significant differences between the treatments 388 ( Fig. 7) . VNO3-measured in microcosms after a 6-days in situ incubation were below the detection 
Primary production
443
Despite low VC on D0 and D6 at the DCM, primary production still indicated much higher value 444 on D0 compared to D6 that was associated with higher TChl a (Fig. 4a) . The decrease of divinyl-445 chlorophyll a (Prochlorococcus) concentration [58] over the 6 days of observation can account for the 446 decrease of TChl a, whereas chlorophyll a concentrations did not vary significantly during this period.
447
The Prochlorococcus abundance was also lower by two-times on D6 compared to D0 (Fig. 6a) . On 448 the contrary, fucoxanthin (diatoms) increased by four-times over the 6 days (Fig. 4 a) , as well as the 449 diatoms abundance (by three-times; Fig. 5a ). In turn, the increase in diatoms abundance was not 450 associated with an increase in primary production. Instead, the observed decrease in primary assemblage was compared to the natural phytoplankton assemblage.
497
Whereas microcosm controls showed a lower Prochlorococcus abundance (Fig. 9a ) than 498 surrounding surface waters on D6 (p < 0.05), the 10 % microcosms additionally showed, higher 499 fucoxanthin (diatoms) and 19'-butanoyloxyfucoxanthin (haptophytes) by about 142 % and 317 % 500 (Fig. 8) , respectively, as compared to natural waters at D6. Furthermore, 10 % enrichments showed a 501 fucoxanthin increase over the 6 days period by 3-times higher than in surrounding waters, whereas 502 controls only showed an increase by 1.5-times higher than in surrounding waters. Therefore, it can 503 be concluded that the 10 % deep seawater enrichment induced higher variations of the 504 phytoplankton assemblage than those observed from D0 to D6 in surrounding surface waters.
505
VC were higher (p < 0.05) both in 2 % and 10 % enrichments on D0 as compared to controls,
506
suggesting a positive response of phytoplankton to the deep seawater addition. Conversely, there 507 was no carbon-uptake rate difference (p < 0.05) between controls and enriched waters (with 2 % and 508 10 % of deep seawater) at D6 with the 6 days incubated microcosms, suggesting that the observed 509 community modifications did not change the primary production. Indeed, the phytoplankton 510 community was quite similar in surrounding surface waters on D6 and in 6 days-incubated microcosm 511 controls. Thus, only the initial phytoplankton assemblage and initial primary production in 512 surrounding surface waters would influence the response of the phytoplankton community and its 513 production.
514
At the BEL, after 6 days of incubation, deep seawater addition experiments clearly showed lower 515 effects on the phytoplankton community than at the DCM. Indeed, whereas significant differences 516 (p < 0.05) between 10 % enrichments and controls were observed in diagnostic pigments 517 concentrations at the DCM, pigments concentrations were too low at the BEL to be quantified. It
518
can be suggested that the lower population and lower carbon uptake could be related to the lowest 519 light availability.
520
Overall, the phytoplankton response was proportional to the amount of added deep seawater. If 
530
Light microscopy analyses showed a large abundance of dinoflagellates at the DCM (between 
Conclusion
536
Two complementary approaches were applied to study the potential effects of the deep 537 seawater discharge of the planned OTEC plant on the phytoplankton community off Martinique.
538
Because the distribution and the development of phytoplankton are directly linked to the surface 539 stratification, it is important to assess the thermal effect of deep seawater by an OTEC plant.
540
Modelling of the deep seawater discharge showed that the thermal structure of the top 150 m of the 
547
The phytoplankton community and its production could be impacted by a large deep seawater 
